Estudo preliminar da quimiometria e RMN de baixo campo: ferramentas para previsão de qualidade em laranjas. by FLORES, D. W. M. et al.
ESTUDO PRELIMINAR DA QUIMIOMETRIA E RMN DE BAIXO CAMPO: FERRAMENTAS PARA 
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Resumo$WXDOPHQWHRPpWRGRPDLVXWLOL]DGRQDGHWHUPLQDomRGRVVyOLGRVVRO~YHLVGHGLYHUVRVWLSRVGHIUXWDV
XWLOL]DDPHGLGDGRtQGLFHGHUHIUDomRTXHpXPPpWRGRGHVWUXWLYR8PVLVWHPDTXHSRGHVHUDOWHUQDWLYRDRtQGLFH
GHUHIUDomRpRXVRGDWpFQLFDQmRLQYDVLYDGHUHVVRQkQFLDPDJQpWLFDQXFOHDU501HPEDL[RFDPSRPDJQpWLFR
2REMHWLYRGHVWHWUDEDOKRpXWLOL]DUD501HFRQVWUXLUPRGHORVGHFRUUHODo}HVFRPRWHRUGHVyOLGRVVRO~YHLVGH
ODUDQMDV3HUD5LRLQWDFWDVYDULDQGRRVPpWRGRVGHSUpSURFHVVDPHQWRVXDYL]DomRSRU¿OWURGH6DYLWVN\*ROD\
H 619 Standard Normal Variate H RVPRGHORV GH FDOLEUDomR 0tQLPRV4XDGUDGRV 3DUFLDLV 3/6 Partial 
Least SquaresH5HJUHVVmRHP&RPSRQHQWHV3ULQFLSDLV3&5Principal Component Regression). Os resultados 
PRVWUDUDPSHTXHQDVYDULDo}HVGHQWUHRVSUpSURFHVVDPHQWRVPDVUHYHODUDPTXHDVXDYL]DomRGH6DYLWVN\*ROD\
UHPRYHXRUXtGRH[LVWHQWHQD501HIRLSUHIHULGDHPUHODomRD6192VPRGHORVDYDOLDGRVHDWpFQLFDGH501
GHPRQVWUDUDPSURPLVVRUHVUHVXOWDGRVSDUDDQiOLVHQmRLQYDVLYDGRWHRUGHVyOLGRVVRO~YHLVFRPOLJHLUDYDQWDJHP
GRDOJRULWPR3/6HPUHODomRDR3&5
Palavras-chave501ODUDQMDVTXLPLRPHWULDTXDOLGDGHSUpSURFHVVDPHQWR
PRELIMINARY STUDY OF CHEMOMETRY AND LOW FIELD NMR: TOOLS FOR PREDICTION OF 
QUALITY IN ORANGES
Abstract1RZDGD\V WKHPRVWXVHGPHWKRGIRUPHDVXUHPHQWVRIVROXEOHVROLGV LQ IUXLW LVEDVHGRQ UHIUDFWLYH
LQGH[WKDWLVDGHVWUXFWLYHPHWKRG$QDOWHUQDWLYHQRQLQYDVLYHWHFKQLTXHWRPHDVXUHVROXEOHVROLGVLVWKH/RZ
)LHOG1XFOHDU0DJQHWLF5HVRQDQFH7KHDLPRIWKLVZRUNLVWRXVH105WREXLOGFRUUHODWLRQPRGHOVFRQVLGHULQJWKH
VROXEOHVROLGVFRQWHQWRILQWDFWRUDQJHV3HUD5LR,WFRQVLVWVLQWRYDU\PHWKRGVRISUHSURFHVVLQJ¿OWHU6DYLWVN\
*ROD\DQG6196WDQGDUG1RUPDO9DULDWHFDOLEUDWLRQPRGHOV3/63DUWLDO/HDVW6TXDUHVEHVLGHV3ULQFLSDO
&RPSRQHQW5HJUHVVLRQ3&53ULQFLSDO&RPSRQHQW5HJUHVVLRQ7KHUHVXOWVVKRZHGDVOLJKWYDULDWLRQDPRQJWKH
SUHSURFHVVLQJUHYHDOLQJWKHHOLPLQDWLRQRIWKHQRLVHLQ105E\6DYLWVN\*ROD\WUHDWPHQWDQGLVSUHIHUUHGRYHU
6197KHHYDOXDWHGPRGHOVDQG105WHFKQLTXHVKRZHGSURPLVLQJUHVXOWVIRUQRQLQYDVLYHDQDO\VLVRIVROXEOH
VROLGVFRQWHQWZLWKVRPHDGYDQWDJHLQUHODWLRQWR3/6DOJRULWKPZKHQFRPSDUHGWR3&5
Keywords: 105RUDQJHVFKHPRPHWU\TXDOLW\SUHSURFHVVLQJ
1. Introdução
1RUDPRGDIUXWLFXOWXUDDFLWULFXOWXUDpDTXHPDLVVHGHVWDFDPXQGLDOPHQWHVHQGRDFXOWXUDPDLVSURGX-
]LGDQRPXQGR2VXFRPDLVFRQVXPLGRpRGHODUDQMDUHSUHVHQWDQGRHPGRFRQVXPRPXQGLDOGHVXFRV
QDWXUDOGRFRQVXPRGHQpFWDUHVHGRFRQVXPRGHUHIUHVFRV$1(6& 
2VVyOLGRVVRO~YHLVWRWDLVGHVHPSHQKDPXPSDSHOSULPRUGLDOSDUDDVXDTXDOLGDGHGHYLGRDLQÀXrQFLD
QDVSURSULHGDGHVItVLFDVTXtPLFDVHELROyJLFDVGDIUXWD&267$HWDO$OpPGLVVRRWHRUGRVVyOLGRVVR-
O~YHLV%UL[QRVIUXWRVpPXLWRLPSRUWDQWHSDUDDLQG~VWULD4XDQWRPDLRUDTXDQWLGDGHGHVyOLGRVVRO~YHLVH[LV-
WHQWHVPDLRUVHUiRUHQGLPHQWRGHVXFRTXDQGRSURFHVVDGRGLPLQXLQGRRFXVWRGHSURGXomR$5$8-2
6,/9$
2PpWRGRPDLVXWLOL]DGRQDGHWHUPLQDomRGRVVyOLGRVVRO~YHLVGHGLYHUVRVWLSRVGHIUXWDVXWLOL]DDPHGLGD
GHVWUXWLYDGRtQGLFHGHUHIUDomRTXHHVWLPDDTXDQWLGDGHGRVVyOLGRVVRO~YHLVSHODGLPLQXLomRGDYHORFLGDGHGD
OX]TXDQGRHVWDSDVVDDWUDYpVGDDPRVWUD,167,7872$'2/)2/87=2VXVRVGHWpFQLFDVGHPHGLomR
QmRGHVWUXWLYDVVmRGHVHMiYHLVSDUDIUXWDVHRXWURVYHJHWDLVSRLVDX[LOLDPQRDFRPSDQKDPHQWRGRVSDUkPHWURVGH
TXDOLGDGHVHPDQHFHVVLGDGHGHVHGHVFDUWDURIUXWRSHUPLWLQGRDYDQoRVHPHVWXGRVUHODFLRQDGRVjSyVFROKHLWD
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8PVLVWHPDQmRLQYDVLYRDOWHUQDWLYRpRXVRGDWpFQLFDGHUHVVRQkQFLDPDJQpWLFDQXFOHDU501HP
EDL[R FDPSRPDJQpWLFR TXH Mi FRPHoRX D VHU XWLOL]DGD QD DQiOLVH UiSLGD GH SURSULHGDGHV ItVLFRTXtPLFDV GH
IUXWRVLQWDFWRVHDWpPHVPRHPEDODGRV5,%(,52HWDO3(5(,5$HWDO$501GHEDL[RFDPSR
YHPVHQGRHPSUHJDGDSDUD LQYHVWLJDURDPDGXUHFLPHQWRGHIUXWDV LQWDFWDVHSDUkPHWURV LQWHUQRVGHTXDOLGDGH
5$+0$7$//$+(P3HUHLUDHFRODERUDGRUHVFODVVL¿FDUDPDPHL[DVIUHVFDV LQWDFWDVGHDFRUGR
FRPDSUHVHQoDGHVyOLGRVVRO~YHLVHPPDLRURXPHQRUTXDQWLGDGHXVDQGR501QRGRPtQLRGRWHPSRDVVRFLDGR
jTXLPLRPHWULD
&RPEDVHQHVWHVHVWXGRVRREMHWLYRGRWUDEDOKRpXWLOL]DUD501GHEDL[RFDPSRDWUDYpVGDWpFQLFDGH
&30* &DUU3XUFHOO0HLERP*LOO H FRQVWUXLUPRGHORV TXLPLRPpWULFRV GH FRUUHODo}HV FRPR WHRU GH VyOLGRV
VRO~YHLVGHODUDQMDVLQWDFWDV
2. Materiais e Métodos
)RUDPXWLOL]DGRVQHVWHH[SHULPHQWRODUDQMDVCitrus Sinensis L. OsbeckGDYDULHGDGH3HUD5LRH
+DPOLQREWLGRVHPFRPpUFLRORFDOGH6mR&DUORV63
$VIUXWDVIRUDPVHOHFLRQDGDVGHWDPDQKRPpGLRHQWUHDPPGHGLkPHWURHFRPDXVrQFLDGHGHIHLWRV
JUDYHVKLJLHQL]DGRVHDFRQGLFLRQDGRVHPFkPDUDIULDD&H85QD(PEUDSD,QVWUXPHQWDomRGH
6mR&DUORV63
3DUDDVDQiOLVHVIRUDPXWLOL]DGRVIUXWRVSRUGLDWRWDOL]DQGRGLDVGHWHVWHV$QWHVGDVDQiOLVHVDVIUX-
WDVIRUDPFRQGLFLRQDGDVSRUGR]HKRUDVD&H85FRQGLo}HVPDQWLGDVGXUDQWHDVDQiOLVHV$V
IUXWDVIRUDPPHGLGDVQRHTXLSDPHQWRGH501HGHSRLVUHDOL]RXVHDH[WUDomRGRVXFRYLDH[WUDWRUFRQYHQFLRQDO
SDUDPHGLGDVGRWHRUGHVyOLGRVVRO~YHLVWRWDLV
2.1. Ressonância Magnética Nuclear de baixo campo (RMN)
$VPHGLGDVGHUHOD[DomRWUDQVYHUVDOSRU501HPEDL[DUHVROXomRIRUDPUHDOL]DGDVHPHVSHFWU{PHWUR
6/.FRPFDPSRPDJQpWLFRHVWiWLFR%GH70+]SDUD+HiUHD~WLOGHFPGHGLkPHWURSRUFPGHFRPSULPHQWRHPFRQGLo}HVFRQWURODGDVGHODERUDWyULR2PpWRGRXWLOL]DGRIRLSRU&30*RQGHDVHTXrQFLDGH
SXOVRVJHUDXPGHFDLPHQWRH[SRQHQFLDOFRPRWHPSRGHUHOD[DomRWUDQVYHUVDO72VSDUkPHWURVGHDTXLVLomRIRUDPSXOVRGH ȝWHPSRGHHFRGHĲ ȝVHQ~PHURWRWDOGHHFRVLJXDODFRPPpGLDVFDGD
FROHWDQGRDSHQDVRVHFRVSDUHV
2.2. Teor de sólidos solúveis totais (SST)
)RUDPPHGLGRVHPWULSOLFDWDFRPUHIUDW{PHWURGLJLWDOGHEDQFDGDPRGHOR5;$WDJRFRPDMXVWHGH
WHPSHUDWXUDGHDPRVWUDSDUD&2UHVXOWDGRIRLH[SUHVVRHP%UL[$2$&
2.3. Processamentos dos dados e Quimiometria
2VVLQDLVGD501IRUDPWUDWDGRVUHDOL]DQGRDQRUPDOL]DomRGRVGDGRVHSRVWHULRUPHQWHUHDOL]DGR
DPpGLDGRVGHFDLPHQWRV
$PDWUL]Q[PDPRVWUDV QHDVYDULiYHLV PSDUDDVDQiOLVHVPXOWLYDULDGDVIRUDPFRPSRVWDSHORVYDOR-
UHVGRVGHFDLPHQWRVPpGLRVGD501FRPRVHQGRYDULiYHLVLQGHSHQGHQWHVHRVYDORUHVGRWHRUGHVyOLGRVVRO~YHLV
FRPRYDULiYHLVGHSHQGHQWHV3DUDDVDQiOLVHVGHUHJUHVVmRRVGDGRVIRUDPFHQWUDGRVQDPpGLDmean-center
'LIHUHQWHVPHFDQLVPRVGHSUpSURFHVVDPHQWRGRVGDGRVGD501IRUDPXVDGRVVXDYL]DomRGHVHJXQGR
JUDX6DYLW]N\±*ROD\¿OWHUFRPMDQHODVGHYLGRDRPHOKRUDMXVWHDRVLQDOGH501HYLWDQGRSHUGDVGHLQIRU-
PDomR9DULDomR1RUPDO3DGUmR619Standard Normal VariateDXVrQFLDGHSUpSURFHVVDPHQWRHDXQLmRGD
VXDYL]DomRFRP619
2VPRGHORVGHFDOLEUDomRXWLOL]DGRVIRUDP0tQLPRV4XDGUDGRV3DUFLDLV3/6Partial Least Squares
H5HJUHVVmRHP&RPSRQHQWHV3ULQFLSDLV3&5Principal Component RegressionXWLOL]DQGRYDOLGDomRLQWHUQD
3DUDDYDOLGDomRLQWHUQDGRVPRGHORVIRLXWLOL]DGRcross validation com leave-one-outLQWHUQRQRFRQMXQWRGHGD-
GRVGHFDOLEUDomR
2Q~PHURGHIDWRUHV IRL¿[DGRHPHPSLULFDPHQWHDWUDYpVGHSUpWHVWHV UHDOL]DGRVEDVHDGRVHPVHX
GHVHPSHQKRIDFLOLWDQGRDVVLPDFRPSDUDomRGRVGLIHUHQWHVSUpSURFHVVDPHQWRV
2VPRGHORVUHDOL]DGRV3/63&5EHPFRPRDVSRUFHQWDJHQVGHYDULkQFLDH[SOLFDGDRHUURSDGUmRGD
FDOLEUDomR6(&%UL[RVFRH¿FLHQWHVGHFRUUHODomRGH3HDUVRQrGDYDOLGDomRHRHUURSDGUmRGDYDOLGDomR
6(9%UL[IRUDPREWLGRVDWUDYpVGRVRIWZDUHPirouette v. 4.5 Infometrix, IncBothell - WA. 
3. Resultados e Discussão
$HVWDWtVWLFDGDVDPRVWUDVUHYHORXYDORUHVPpGLRVGHVyOLGRVVRO~YHLVGHPtQLPRGHHPi-
[LPRGH%UL[FRPGHVYLRSDGUmRDPRVWUDOGH(VWDYDULDomRQRFRQMXQWRDPRVWUDOpIXQGDPHQWDOSDUD
VHREWHUPRGHORVFRPDOWRSRGHUGHSUHGLomRXPDYH]TXHRVPRGHORVSUHFLVDPVHUFDOLEUDGRVFRPDPRVWUDVTXH
UHSUHVHQWHPDPDLRUYDULDomRSRVVtYHOH[LVWHQWHQRFRQMXQWRGHDPRVWUDVHVWXGDGRV
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$WpFQLFDGH501DSUHVHQWDXPSUREOHPDHPUHODomRDUXtGRGDVPHGLGDVSRUWDQWRR¿OWURSRUVXDYL]D-
omRGH6DYLW]N\*ROD\FRPSRQWRVGHDOLVDPHQWRIRLXVDGRSDUDUHPRYHURUXtGRDOHDWyULRDRORQJRGRGHFDL-
PHQWR$YDULDomRQRUPDOSDGUmR619IRLWHVWDGDSDUDDYDOLDUDPHOKRUDQRVGHFDLPHQWRVGH501XPDYH]TXH
HODQRUPDOL]DFDGDGHFDLPHQWRHPUHODomRjPpGLDHjYDULDomRLQGLYLGXDO1,&2/$ÍHWDO
6REUHRVPRGHORVXWLOL]DGRVD3&5ID]DGHFRPSRVLomRGDPDWUL];GRVGHFDLPHQWRVGH501SRUXPD
DQiOLVHGHFRPSRQHQWHVSULQFLSDLV3&$HHPVHJXLGDHQFDL[DXPPRGHORGHUHJUHVVmROLQHDUP~OWLSOD0/5
XVDQGRXPSHTXHQRQ~PHURGHFRPSRQHQWHVSULQFLSDLV3&VRXYDULiYHLVODWHQWHVHPYH]GHYDULiYHLVRULJLQDLV
FRPRSUHGLWRUHV1RHQWDQWRHPUHJUHVVmR3/6XPDEDVHRUWRJRQDOGHYDULiYHLVODWHQWHVpFRQVWUXtGDXPDSRU
XPDGHWDOIRUPDTXHHODVVmRRULHQWDGDVDRORQJRGHGLUHo}HVGHFRYDULkQFLDPi[LPDHQWUHDPDWUL]GHGHFDLPHQ-
WRVGH501GH;HRYDORUGHUHVSRVWD<<WDOFRPR667HP%UL[1,&2/$,HWDO$7DEHODPRVWUDRV
UHVXOWDGRVHGLIHUHQoDVHQFRQWUDGDVSDUDRVGRLVPRGHORVXWLOL]DGRVHRVGLIHUHQWHVSUpSURFHVVDPHQWRV
7DEHOD5HVXOWDGRVGHGLIHUHQWHVSUpSURFHVVDPHQWRVQRVPRGHORV
0RGHOR   3/6     3&5   
3UpSURFHVVDPHQWR r&DO 6(& r9DO 6(9 9DU

r&DO 6(& r9DO 6(9 9DU

6XDYL]DomR          
619          
6XDYL]DomR619          
6HPSUpSURFHVVDPHQWR          
)DWRUHV¿[DGRVHPSDUDFRPSDUDomR0tQLPRV4XDGUDGRV3DUFLDLV3/63DUWLDO/HDVW6TXDUHVH
Regressão em Componentes Principais (PCR - Principal Component Regression); SNV (Standard Normal 
Variate).
4XDQGRFRPSDUDPRVDDSOLFDomRGDVXDYL]DomRGH6DYLW]N\*ROD\FRPD619REVHUYDVHTXHSDUDRV
PRGHORVGH3/6KRXYHXPPDLRUYDORUQRFRH¿FLHQWHGHFRUUHODomRGHFDOLEUDomRHPHQRUYDORUQRHUURSDGUmR
GHFDOLEUDomR6(&3RUpPTXDQGRREVHUYDPRVR6(9H r9DODVXDYL]DomRDSUHVHQWRXPHOKRUHVUHVXOWDGRV2V
YDORUHVGH6(&H6(9GHYHPVHUSUy[LPRVLVWRpXPLQGLFDWLYRGHPHOKRUDMXVWHGRPRGHORDRVGDGRV$VVLP
YHUL¿FDPRVTXHDVXDYL]DomRIRLPHOKRUTXHD619SDUDRVPRGHORVGH3/6-iDXQLmRGR619HVXDYL]DomRQmR
GHPRQVWURXH¿FLrQFLDTXDQGRFRPSDUDGDjVGHPDLVHVHPSURFHVVDPHQWR
2VPRGHORVGH3&5DSUHVHQWDUDPUHVSRVWDVGLIHUHQWHVDRVSUpSURFHVVDPHQWRVTXDQGRFRPSDUDGRVDR
3/62EVHUYDPRVTXHDDSOLFDomRGDVXDYL]DomRGH6DYLW]N\*ROD\MXQWDPHQWHFRP619DSUHVHQWRXYDORUHVr 
&DOr9DO6(&H6(9VLPLODUHVRXLQIHULRUHVDRVREWLGRVFRPDDSOLFDomRGD619HFRPRVGDGRVVHPSUpSUR-
FHVVDPHQWRV
2VUHVXOWDGRVLQGLFDUDPTXHD501DWUHODGDDRVPRGHORV3/6RX3&5WHPRSRWHQFLDOSDUDHVWLPDUR
WHRUGHVyOLGRVVRO~YHLVHPODUDQMDVLQWDFWDV(PERUDRVPRGHORVGH3&5H3/6FRPGLIHUHQWHVSUpSURFHVVDPHQ-
WRVDSUHVHQWHPYDULDo}HVQRVYDORUHVGH6(&6(9HrHVVHVVmRYDORUHVSURPLVVRUHVTXDQGRDQDOLVDPRVDTXHVWmR
SUiWLFDGDDSOLFDomRGDWpFQLFD
$LQGDRVPRGHORVGH3/6DWUHODGRVDRSUpSURFHVVDPHQWRGHVXDYL]DomR6DYLW]N\*ROD\REWLYHUDPUH-
VXOWDGRVOLJHLUDPHQWHPHOKRUHVSDUDDYDOLGDomRGRTXHRVPRGHORVGH3&52IDWRGR3/6VHUOLJHLUDPHQWHPHOKRU
GRTXHR3&5SRGHHVWDUQDGLIHUHQoDGHWUDQVIRUPDomRGRVGDGRVGHHQWUDGD3DUDTXHRVUHVXOWDGRVGR3&5VHMDP
VLPLODUHVDR3/6pQHFHVViULRTXHDYDULDomRGDVYDULiYHLVGHHQWUDGDVHMDFRUUHODFLRQDGDFRPDYDULiYHOGHVDtGD
'RFRQWUiULRVHKRXYHUYDULDo}HVVHPFRUUHODomRFRPDYDULiYHOGHVDtGDRVFRPSRQHQWHVSULQFLSDLVQmRDMXGDUmR
DFRQVWUXLUERQVPRGHORVGHUHJUHVVmR
(P*Ï0(=HFRODERUDGRUHVFRPSDUDUDPDH¿FLrQFLDGHVVHVPRGHORVTXDQWRDFDOLEUDomRHYDOL-
GDomR(RIDWRGR3/6REWHUXPPHOKRUGHVHPSHQKRSRGHHVWDUUHODFLRQDGRDRLQFRQYHQLHQWHGHTXHRPRGHOR
3&5XWLOL]DRVSULPHLURVFRPSRQHQWHVSULQFLSDLVHPTXHDOJXQVFDVRVQmRFRQWULEXHPGHPDQHLUDSRVLWLYDSDUDD
FRQVWUXomRGHERQVPRGHORVGHUHJUHVVmR:2/'HWDO
4. Conclusões
$WpFQLFDGH&30*SRUUHVVRQkQFLDPDJQpWLFDQXFOHDUGHEDL[RFDPSRDSUHVHQWRXDOWDFRUUHODomRHQWUH
VHXGHFDLPHQWRHRWHRUGHVyOLGRVVRO~YHLVHPODUDQMDVLQWDFWDV
'HQWUHRVGLIHUHQWHVSUpSURFHVVDPHQWRVHVWXGDGRVDVXDYL]DomRGHMDQHODV6DYLW]N\*ROD\DSUHVHQ-
WRXPHOKRULDVQDFULDomRGHPRGHORVGHFDOLEUDomRXWLOL]DQGRD501GHEDL[RFDPSR(QWUHRVPRGHORVHVWXGDGRV
R3/6DWUHODGRDVXDYL]DomRGH6DYLW]N\*ROD\DSUHVHQWRXPHOKRUHVYDORUHVGH6(9HrGHYDOLGDomRGHVWDIRUPD
UHGX]RHUURGHDIHULomRSDUDQRYDVDPRVWUDV
(VWHVUHVXOWDGRVVmRSURPLVVRUHVSDUDDFULDomRGHPRGHORVFRPPDLRUQ~PHURGHDPRVWUDVLQFOXLQGR
XPDQRYDHWDSDGHYDOLGDomRH[WHUQDSDUDHVWLPDURVHUURVGHSUHGLomRHIXWXUDDSOLFDomRGHVWDWHFQRORJLDFRPR
XPVLVWHPDQmRLQYDVLYRSDUDDIHULomRGHTXDOLGDGHGHODUDQMDV
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